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We use the results of the policies, appropriation and competitiveness in Europe (PACE) 1993 survey of Europe’s
largest ﬁrms to explore the effect of proximity on knowledge ﬂows from afﬁliated ﬁrms, suppliers, customers, joint
ventures, competitors and public research organisations to innovative ﬁrms.The focus is on the last. First, we ﬁnd that
public science is among the most important sources of technical knowledge for the innovative activities of Europe’s
largest industrial ﬁrms. Then, after comparing the PACE results with the Community Innovation Survey II (1997)
and the Carnegie Mellon Survey (1994), we use the unique information from the PACE survey on the geographic
location of knowledge sources and the methods used to access them to develop an econometric analysis of proximity
and location. The importance of proximity for sourcing knowledge from public research increases with the quality
and output of domestic public research organisations and the importance given to public science by the respondents.
It declines with an increase in the ﬁrm’s R&D expenditure, activity in the NorthAmerican market and the importance
to the ﬁrm of codiﬁed basic research results. Surprisingly, ﬁrms that ﬁnd informal contacts to be an important method
for acquiring public research results are more likely to ﬁnd proximity less important, even though proximity allows
ﬁrms to access tacit knowledge. This effect is primarily limited to European countries, suggesting the development of
a ‘European Research Area’.
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1 INTRODUCTION
Inaninnovationenvironmentwhere‘noﬁrmisanisland’,successfulinnovationpartlydepends
on the ability of ﬁrms to acquire technical knowledge from external sources and effectively
include this knowledge in their innovation activities (Kline and Rosenberg, 1986; Freeman,
1987).Where ﬁrmsgo toobtaintechnicalknowledgeand howtheyobtainit willbe inﬂuenced
by ﬁrm-speciﬁc characteristics, such as their internal competences and sector of activity, and
by the national innovation system of the country in which they are located (Lundvall, 1992;
Nelson, 1993). The latter includes the availability and quality of knowledge produced by
other private ﬁrms and by the ‘public science’ infrastructure, consisting of universities and
public research institutes. In this article we focus on knowledge ﬂows from public science
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to ﬁrms.We deﬁne‘knowledgeﬂows’to includebothknowledgethatis transferredvia market
mechanisms and true knowledge spillovers.
The ﬂow of knowledge between public science and ﬁrms is of current interest to public
policy, particularly in Europe where there is a widespread belief that European ﬁrms are at a
competitive disadvantage compared to American ﬁrms because of a failure to commercialise
discoveries made by public science (EC, 2001). Two empirically-veriﬁable issues are of par-
ticular relevance here. The ﬁrst is the importance of public science to the innovative activities
of ﬁrms, particularly in comparison to other sources of external knowledge, such as suppliers
and customers. This is of relevance to policy decisions about the level of support to public
science and about the ﬁelds of science that deserve support.The second issue concerns where
and how ﬁrms source knowledge from public science. If ﬁrms can go anywhere to obtain the
outputs of public science, then a reduction in the national public science infrastructure may
not damage the innovative capabilities of a country, as long as public science continues to be
supportedin other countriesand steps are taken to ensure thatother essential outputsof public
science, such as a supply of trained researchers, are met through other means.
1.1 Importance of Public Science
Several empirical approaches have been used to explore the ﬁrst issue on the value of pub-
lic science to innovation. The main methodological problem is ensuring that the outputs of
public science, such as inventions and ideas, are actually used as an input into the innovation
activities of ﬁrms. The simplest approach, using a production function model, essentially cor-
relatesuniversityresearchspendingandinnovativeoutputs,asmeasuredby patentsor product
announcements (Jaffe, 1989; Acs et al., 1992). A more direct method is to analyse patent
citations. Several studies ﬁnd that academic papers and university patents are more frequently
cited than their equivalents from private ﬁrms suggesting that public science outputs are an
important input to private invention (Jaffe et al., 1993; Narin et al., 1997; Verspagen, 1999;
Malo and Geuna, 2000). This method is not entirely accurate because the cited research or
patent may not have contributed to the invention, with the citation only included to build the
patent claim or added by the patent examiner. Furthermore, this method underestimates the
valueofpublicsciencebecausemanyinnovationsarenotpatented(ArundelandKabla,1998).
Case studies and surveys have been used to directly ask managers about their ﬁrms’use of
public science outputs. The results generally show that public science is a minor input into
private innovation. Mansﬁeld (1991, 1998) and Beise and Stahl (1999) used this method to
estimate that less than 10% of innovationsin the United States and 5% of new productsales in
Germanydepended,insomeway,onpublicscience.TheYalesurveyoflargeR&Dperforming
ﬁrms in the United States in the early 1980s found that university-based research was less
important than other sources of scientiﬁc output (Klevorick et al., 1995). The largest and
most representative innovation surveys to date are the 1993 and 1997 Community Innovation
Surveys(CIS) inEurope.Theyfoundthatpublicresearchisoneofthe leastimportantexternal
sources of information for the innovative activities of ﬁrms (Arundel and Steinmueller, 1998;
Monjon and Waelbroeck, 2003).
1.2 The Importance of Proximity for Sourcing Public Knowledge
The second issue, concerning where ﬁrms source public science outputs, has largely been
studiedintheUnitedStatesandframedintermsofgeographicaldistance.Withafewexceptions
(Henderson et al., 1994; Beise and Stahl, 1999), empirical research suggests that knowledge
ﬂows from public science to ﬁrms decline with geographicaldistance. Studiesusing either the
productionfunctionmethod(Acsetal.,1992;AudretschandFeldman,1996)orpatentcitationsPROXIMITYAND THE USE OF PUBLIC SCIENCE 561
(Jaffe et al., 1993) ﬁnd that knowledge spillovers from academic research to private ﬁrms are
highly localised at the regional or state level. Agrawal and Cockburn (2003) report that high
levelsofuniversitypublishinginmetropolitanareasintheUnitedStatesandCanadatendtobe
matched by high levels of ﬁrm patenting in the same technology ﬁeld and metropolitan area,
suggesting co-location of research activities. Mansﬁeld and Lee (1996), using survey results,
report that ﬁrms prefer to work with local university researchers within a hundred miles of
the ﬁrm’s R&D laboratory. Beise and Stahl (1999) report that geographical distance did not
inﬂuencethesourcingofoutputsfrompublicsciencebyGermanﬁrms,butthiscouldhavebeen
due to much shorter distances applying in Germany than in the United States. Adams (2001)
survey of 208 private R&D laboratories in the United States ﬁnds that distance is a greater
barriertosourcingknowledgefrompublicsciencethanfromﬁrms.Finally,Siegaletal.(2003)
ﬁnd that the researchproductivityof UK ﬁrms in science parks(all near a university)is higher
than that of a matched sample of ﬁrms outside science parks, suggesting real beneﬁts from
close physical proximity to universities.
Due to data limitations, most research in this area has been unable to investigate why dis-
tanceappearstomatter.1 Theexplanationofferedinthetheoreticalliteratureandinmostofthe
empirical studies, although untested, focuses on the value of direct, inter-personal contacts in





An academic debate has been growing over the last decade on how tacit and codiﬁed
knowledge can mediate the effect of distance on knowledge sourcing. Antonelli (1999) and
Roberts(2000)arguethatmoderninformationandcommunicationtechnologies(ICTs),which
lower the costs of codifyingknowledge,and strongerintellectualpropertyrights, are reducing
the importance of short distances to access tacit knowledge, while simultaneously increasing
the ability of ﬁrms to obtain knowledge from outside the ﬁrm. Conversely, Senker (1995)
proposes that most rapidly developing and complex technologies will always depend on tacit
knowledge and, consequently, on close, inter-personal interactions to share knowledge. This
will hold evenwhen knowledgecan be codiﬁed, as longas there is a delay between its discov-
ery and its codiﬁcation. Under these conditions, it becomes crucial to understand who knows
what and where the new knowledge is. In this context, distance could maffer because local,
direct, personal contacts allow a company faster and more successful access to knowledge
gatekeepers to discover where and how to access new knowledge.
At ﬁrst sight, distance should be neutral in relation to the use of codiﬁed research outputs,
such as papers and patents, which can be sourced from anywhere in the world at little cost.
However, most codiﬁed outputs of public science will not be available domestically within
Europe because of the comparatively small share of global public science that is produced
within each European country. Therefore, European ﬁrms that seek codiﬁed outputs from
public science should source much of this knowledge from outside their domestic country,
although the amount of external sourcing should be negatively correlated with the share of
public science that is produced domestically.
1.3 Using the PACE Survey to Explore Public Science and Proximity
We use the results of the policies,appropriationandcompetitivenessin Europe(PACE) survey
of Europe’s largest industrial ﬁrms to evaluate both the importance of public science to
1 Breschi andLissoni(2001) note that other factors suchas labour markets partly explain whyknowledge activities
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innovation and the role of distance in accessing public science outputs. The PACE survey
has two main advantages for addressing these issues compared to other European surveys
such as the CIS, or comparable surveys in the United States. First, PACE asks ﬁrms about
the importance of public science results obtained from four main regions (their own country,
other Europe, the United States and Japan). Second, PACE includes a series of questions on
the methods that ﬁrms use to learn about public science results. These methods differ in the
degree to which they offer access to tacit and codiﬁed knowledge.
Research on the localisation of knowledge sourcing is largely framed in terms of physical
distance because most of the relevant research is from the United States. However, a National
Innovation System approach to innovation suggests that ‘distance’ encompasses more than
kilometres. Cultural and linguistic similarities will also play a role, particularly if direct per-
sonal contacts are required to access tacit knowledge (Maskell and Malmberg, 1999; Leamer
and Storper, 2001). This would be particularly important in Europe, where ﬁrms in border
regions can be geographicallyclose to a public science institution but separated by a different
language and culture. We use the PACE results on the sourcing of public science by location
to develop an index for proximity that is deﬁned by the importance ﬁrms give to knowledge
obtained from domestic versus foreign sources. Proximity is thus primarily characterised by
differences in cultures or languages between European countries and with the United States,
and secondarily by physical distance.
We develop two sets of econometric models to evaluate the effect of ﬁrm and country
speciﬁc factors on the effect of proximity for sourcing knowledge from public science. The
independent variables include the importance to the ﬁrm of several methods of obtaining the
results of public science.This permits a ﬁrst step towards an evaluation of the effect of tacit or
codiﬁed knowledge on proximity,since the methods of learning about public science differ in
termsofthetypeofknowledgethattheycanacquire.Inaddition,themodelincludesavariable
for the amount of relevant research output by public science in the same country as the ﬁrm
and a variablefor investmentin the public science infrastructure.This allows evaluationof the
effect of domestic investment in public science on the location of knowledge sourcing.
The ﬁrst set of models uses ordered logit and binary logit equations to assess the effect of
the independent variables on the proximity index. The model does not differentiate between
the speciﬁc domestic and foreign sources. To address these effects, the second set of models
developsa locationanalysisthatcomparestherelativeimportanceof domesticpublicresearch
against foreign public research sourced from two deﬁned regions: other European countries
and NorthAmerica.




Union in 1992.Almost all responses were from R&D managers, who were asked to complete
the questionnaire for their ‘area of responsibility’. For ﬁrms active in more than one product
area,PACEsampledatthebusinesslinelevel.Forsimplicity,werefertoeach‘businessunit’or
‘division’as a ﬁrm. Further details on the PACE survey are available inArundel et al. (1995).
Our analyses are limited to a maximum of 588 responses from manufacturing (ISIC third
revision classes 15–36 inclusive) and industrial (mining, oil and gas extraction, utilities,
2 The French section of the PACE survey was conducted by SESSI and used question formats for knowledge
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and civil engineering) ﬁrms. Of these, 493 respondents (83.8%) provided data on R&D
expenditures. It should be noted that, due to item non-response, the maximum number of
available ﬁrms varies slightly with each question.
Two sections in the PACE questionnaire ask about knowledge ﬂows. The ﬁrst asks ‘How
important to the innovative activities of your unit is technical knowledge obtained from the
followingsources?’Sixsources are listed: publicresearch institutes and universities,afﬁliated
ﬁrms,jointorcooperativeventures,suppliers,customersand‘technicalanalysis’(reverseengi-
neering)of competitors’products.The second question asks ‘How importantto the innovative
activities of your unit is technical knowledge obtained from each of the above six sources
by region?’ Four regions are given: the European country in which the ﬁrm is located (the
‘domestic’country),otherEuropeancountries,NorthAmericaandJapan.3 PACEalsoincludes
a question on the importance of four different outputs of public research and a question on
seven different methods for learning about public research results.
Responses to all four of these question groups are measured on a ﬁve-point ordinal scale,
ranging from 1 or ‘not important’to 5 or ‘extremely important’. The descriptive statistic that
we use to evaluate these questions is the percentage of ﬁrms that give their highest score
to each variable. The distribution of the highest scores is preferred to the mean or the per-
centage of ﬁrms that rate each source as ‘very’or ‘extremely’important because the highest
score avoids problems of inter-rater differences in the meaning of the ordinal importance
scale. Instead, we make a reasonable assumption that respondents give internally consis-
tent responses. For instance, we assume that a respondent that gives a score of 4 to public
research and a score of 3 to the ﬁve other knowledge sources ﬁnds public research to be
the most important of these six sources. Many respondents give their highest score to more
than one sub-question. In these cases, the tied high scores are equally distributed among
the relevant sources, so that the percentages across all questions in a group sum to 100%.
This provides an easy to interpret measure of the relative importance of each knowledge
source or other variable, although it is not possible to calculate standard errors with this
technique.
A major concern of innovation policy in respect to public science is to maximise the eco-
nomic impact of public investment in research, for example, by providing inputs to as much
privateR&Daspossible.Onaverage,theimpactofpublicsciencewillbegreaterifitinﬂuences
large or numerous innovation projects than if its inﬂuence is conﬁned to small or only a few
innovation projects. We adjust for this possible effect by weighting the descriptive results by
the R&D expendituresofeach ﬁrm.These expendituresprovidea proxyforinnovativeoutput,
assumingapositivecorrelationbetweentheexpectedeconomicvalueofinnovationsandR&D
expenditures. For example, we assume that a ﬁrm that spends 20 million Euros on R&D will,
on average, develop innovations of an economic value that is twice that of a ﬁrm that spends
10 million Euros on R&D.
Some of the PACE results are compared to two other surveys. First, we use the 1997
CIS (covering innovation activities between 1994 and 1996 inclusive) to verify the PACE
estimates of the general importance of public research as a source of knowledge for ﬁrms’
innovative activities. Second, the PACE questions on public research are similar to questions
in the 1994 Carnegie Mellon Survey (CMS) of R&D-performing ﬁrms in the United States
(Cohen et al., 2002). Although minor differences in the PACE and CMS questions prevent
direct comparisons, we provide an indirect comparison between the PACE and CMS results
for the methods that ﬁrms use to acquire the results of public science.
3 Firms can also source information from countries outside of these four regions, such as South–EastAsia or Latin
America, but the CIS results show that less than 2% of ﬁrms are involved in research cooperation outside of the four
main areas covered by PACE.564 A.ARUNDEL ANDA. GEUNA
3 DESCRIPTIVE RESULTS
3.1 The Importance of Public Science Relative to Other External Sources
Table I gives the average R&D intensity for each sector and the distribution of the R&D
weighted highestscores for public science plus ﬁve other externalsources of technicalknowl-
edge. The sector results are listed ﬁrst for the low technology sectors (food through low tech-
nology nec), second for medium technology sectors (chemicals through medium technology
nec) and last for high technology sectors (ofﬁce equipment through pharmaceuticals). For
comparison, the last line of Table I gives unweighted results for all respondent ﬁrms. The
sector R&D intensities are in line with other research. The seven low technology sectors all
have R&D intensities below 2%, the ﬁve medium technology sectors have R&D intensities
between 2.5% and 5% and R&D intensities for the ﬁve high technology sectors exceeds 5%.
The R&D weighted results show that afﬁliated ﬁrms receive the largest percentage of high
scores at 23.7%, followed by customers at 17.4% and public science at 17.3%. There are
large differences by sector in the importance of different knowledge sources. In ﬁve sectors
at the two-digit or ﬁner level, less than 5% of respondents gave their highest score to public
science, compared to over 50% of respondents from utilities and aerospace and between 20%
and 30% of respondents in the food, plastic and rubber products, medium technology (nec)
and pharmaceutical sectors. After R&D weighting, 26.4% of the 183 low technology sector
respondentsgavetheirhighestscoretopublicresearch,comparedto12.1%ofthe190medium
technology sector respondents and 21.9% of the 120 ﬁrms in high technology sectors. The
greater importance of public science to low technology ﬁrms corroborates some of Beise and
Stahl’s (1999) results for Germany.
Substantially more PACE than CIS respondents gave their highest score to public sci-
ence – 17.3% versus an equivalent rate of 5% for the second CIS (Arundel et al., 2000). The
results of the CIS and similar innovation surveys have been widely cited to show that public
scienceisoflittleimportancetotheinnovativeactivitiesofﬁrms.Forexample,the1998OECD
report,The University in Transition, concludesthat ﬁrms ‘rely little on university (and public)
laboratories as a source of information and stimulus for their innovative efforts’. Similar con-
clusions are drawn in a report sponsored by the European Commission on industry–science
relations (EC, 2001).
TherearetwomainexplanationsforthelargedifferencesinthePACEandCISsurveysinthe
importanceattributedto publicscience.First, PACE is limitedto Europe’slargestﬁrms, which
are more likely than smaller ﬁrms to use knowledge obtained from public science (Mohnen
and Hoareau, 2002). Second, the published results from the CIS are not weighted by R&D
spending as a proxy for innovation outputs, which means that the results largely measure the
importance of public science to smaller and less innovative ﬁrms, which make up the vast
majority of CIS respondents.
We investigated the differences in the PACE and CIS results by applying the same analysis
to a similar groupof ﬁrms fromfoursectors with over40 PACE respondents:food,chemicals,
machineryandautomobiles.4 The CISrespondentswere limitedto R&D performerswithover
500 employees in order to match the PACE respondents, although the PACE ﬁrms were still
substantially larger.All results are weighted by R&D expenditures. The analysis is limited to
4 The CIS results are based on 106 food, 152 chemical and 193 machinery ﬁrms from six countries: Germany,
France, Italy, Ireland, Norway andSweden.ThePACEresults are for44food, 113chemical (including pharmaceutical
ﬁrms), 48 machinery and 46 automobile ﬁrms. The public science category for the CIS equals the highest score given
to separate questions on ‘universities’ and ‘government laboratories’. Since the CIS used a three-point scale versus
PACE’s ﬁve-point scale, we assumed that a score of either 4 (very important) or 5 (extremely important) in PACE was




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































.566 A.ARUNDEL ANDA. GEUNA
fourexternalsourcesthatwere queriedinboththe PACE andtheCIS questionnaires:afﬁliated
ﬁrms, suppliers, customers and public science.5
In the food sector, 30.6% of PACE respondents versus only 3.4% of CIS respondents gave
theirhighestscoretopublicscience(p < 0.001).However,theresultsaresimilarinchemicals
(34.2% for PACE and 33.5% for CIS), machinery (13.5% for PACE and 16.7% for CIS)
and automobiles (13.5% for CIS and 14.7% for PACE). These results suggest that analytical
methods that do not take account of ﬁrm size effects and which do not weight by a proxy for
innovative output can underestimate the contribution of public science to innovation.
3.2 Proximity and External Knowledge Sources
Foreachofﬁveexternalknowledgesources(excludingafﬁliatedﬁrms),weconstructedaprox-
imityvariablethatmeasurestherelativeimportanceofdomesticsourcesoftechnicalknowledge
over foreign sources. The variable PROXPR for public research is deﬁned as follows:
PROXPR = 0 if the importance of public research in the domestic country is lower than the
importance of public research in at least one foreign location.
PROXPR = 1 if the importance of public research in the domestic country equals the highest
importance given public research in any other country.
PROXPR = 2 if the importance of public research in the domestic country is greater than the
importance of public research in all other countries.
The variable is built in this way to increase its robustness. Our measure of proximity is con-
structed on the basis of the importance given by the same respondent to knowledge sources
in different countries. In this respect, PROXPR does not create inter-rater comparabilityprob-
lems across respondents as a result of the question using a subjective, ordinal scale. Nor does
PROXPR assume an interval level of measurement. PROXPR is a useful metric to the extent
that proximity is inherently an internal measure of how each ﬁrm values public research in
differentlocations. However, its one main drawback is that it does not account for differences
in the value of public research between ﬁrms. This problem is overcome in the econometric
analysis by including a separate indicator for the relative value of public science compared to
other external knowledge sources.
Table II gives equivalent results for the ﬁve external sources of technical knowledge
(weighted by R&D expenditures). A striking result is that the sourcing of technical
knowledge from public science is the most affected by proximity: 46.6% of R&D weighted
ﬁrms rate domestic public research as more important than foreign public research, while
only 5.1% consider domestic public research to be less important than foreign research.
Proximityalsoaffectstheimportanceofthefourotherknowledgesources,buttoalesserdegree.
Only 4% of the ﬁrms give greater importance to domestic sources for the technical analysis
of competitors’products.This result conﬁrmsthe reliability of the data, as this mechanism for
acquiring new knowledge should be largely unaffected by geographical, cultural or linguistic
proximity.
3.3 Sourcing of Public Science by Location
Although Table II shows that proximity is more important for public science than for any of
the ﬁve other external knowledge sources, we expect differences by sector in the importance
5 The use of only four external sources versus six sources, as in Table I, alters the distribution of high scores,
which must sum to 100% over either four or six sources. For this reason, the results for the PACE respondents in the
following paragraphs is not comparable to those in Table I.PROXIMITYAND THE USE OF PUBLIC SCIENCE 567
TABLE II Percent of Firms Rating Domestic Sources of Technical Knowledge as Less Important, of Equal Impor-
tance, and of More Importance than Foreign Sources.
Domestic less Domestic and Domestic more
N∗ important foreign equal important Total (%)
Public research 485 4.7 (0.96) 44.4 (2.26) 50.9 (2.27) 100
Customers 456 17.1 (1.76) 61.4 (2.28) 21.5 (1.92) 100
Reverse engineering 473 34.5 (2.22) 61.7 (2.24) 3.8 (0.88) 100
Joint ventures 400 40.7 (2.46) 38.3 (2.43) 21.1 (2.04) 100
Suppliers 472 25.0 (1.99) 40.6 (2.26) 34.5 (2.19) 100
Afﬁliated ﬁrms 400 27.9 (2.24) 50.9 (2.50) 21.2 (2.04) 100
Note: Weighted by R&D expenditures. Standard errors are in parentheses. The unweighted results for public research
are 9.7% (domestic less important), 41.2% (domestic and foreign equal) and 49.1% (domestic more important).
∗N varies because of ﬁrms that reported no experience with the source in all four regions. For example, eight ﬁrms
report that they had no experience sourcing knowledge from public research institutes in all four regions and are
therefore excluded from the analysis.
of knowledge sourced from public science in different locations. For example, ﬁrms active in
the pharmaceutical sector should be more likely to source knowledge from universities in the
UnitedStates–theworldleaderinthistechnology–thanﬁrmsintheautomobileandchemical
sectors, where Europe has a long history of highly competitive ﬁrms and active public sector
involvement in allied ﬁelds. Relevant results are given in Table III for the percentage of ﬁrms
that give their highest score to public research obtained from four locations: their country of
location (Domestic), other European countries, NorthAmerica, and Japan.
TABLE III Percent of Firms by Sector Giving Their Highest Score to the Importance of Public Research Results
from Four Locations (R&D Weighted).
Other North Total
Sector N Domestic Europe America Japan (%)
Food (15) 44 56.1 27.9 14.9 1.1 100
Petroleum prod (23) 17 54.8 26.7 10.0 8.5 100
Non-metallic minerals (26) 22 75.1 15.0 2.8 7.2 100
Basic metals (27) 18 76.2 21.6 1.1 1.1 100
Fabricated metal products (28) 13 59.4 18.3 13.6 8.8 100
Utilities (40) 25 75.2 21.7 2.7 0.6 100
Low technology sectors (nec) 40 77.0 9.6 13.0 0.4 100
Chemicals (24 excl. 2423) 76 71.0 12.5 14.4 2.1 100
Plastic and rubber products (25) 11 51.5 40.7 7.8 0.0 100
Machinery (29) 48 73.0 14.2 8.8 4.0 100
Automobiles (34) 45 84.7 12.8 1.2 1.3 100
Medium technology sectors (nec) 8 70.0 16.9 5.9 7.2 100
Ofﬁce equipment and computers (30) 12 60.2 13.7 22.1 4.0 100
Electrical equipment (31) 17 36.2 27.5 32.2 4.1 100
Telecom equipment (32) 18 60.7 9.7 28.5 1.1 100
Instruments (33) 17 59.9 15.3 24.3 0.5 100
Aerospace (3530) 18 74.6 18.9 6.6 0.0 100
Pharmaceuticals (2423) 36 48.4 23.0 22.2 6.5 100
All sectors; weighted by R&D 485 69.0 16.9 11.7 2.5 100
All sectors; unweighted 577 67.7 17.4 11.8 3.2 100568 A.ARUNDEL ANDA. GEUNA
With two exceptions, over 50% of the highest scores in each sector are for domestic
sources of public science. The exceptions are electrical equipment (36.2%) and pharmaceu-
ticals (48.4%). Conversely, less than 10% of the highest scores are given to public science
in Japan. The greatest variation is between other European sources and North America. The
percentagesforalmostalllowandmediumtechnologysectorsarehigherforotherEuropethan
for North America, and often substantially so. Only 1.1% and 1.2% of the highest scores, in
basic metals and automobiles, respectively, are for North America, compared to 15.2% and
12.8%, respectively, for other Europe. Conversely, ﬁrms active in all high technology sectors
exceptaerospaceand pharmaceuticalsgive a largerpercentageoftheir highest scoresto North
America than to other Europe.The distribution for pharmaceuticalsis almost evenly balanced
between the two, at 23% for other Europe and 22.2% for NorthAmerica.
3.4 Methods ofAccessing Public Science
ThePACE questionnaireasksﬁrms aboutthe importanceto innovationoffour publicresearch
outputs and seven methods for learning about public research. The most important output is
‘specialised or applied knowledge’, ranked highest by 46.2% of the R&D weighted ﬁrms,
followed by ‘generalknowledgeobtainedfrom basic research’(24.3%),‘new instrumentation
and techniques’ (19.6%) and, lastly, ‘early versions of prototypes of new product designs’
(9.9%). The unweighted results are very similar. The high value attributed to applied knowl-
edge conﬁrms the Yale survey results for the United States from the early 1980s (Klevorick
et al., 1995).
Thesevenmethodsforlearningaboutpublicresearchoutputsincludebothcodiﬁedsources,
such as readingpublicationsand technical reportsand attendingpublic conferencesand meet-
ings,andmethodsbasedondirectcontactsthatcouldpermitaccesstonon-codiﬁedknowledge.
The latter include hiring trained scientists and engineers, informal personal contacts and per-
sonnel exchange programmes. Two additional questions enquire about contract research (the
public research organisation conducts the research) and joint research projects. Both of these
methods could facilitate the exchange of non-codiﬁed information, although joint research
would conceivably be more productive in this respect.





in low technologysectors prefer either contract research or joint research projects and the two
codiﬁed sources of conferences/meetings and publications. These results partially support
Senker’s (1995) conclusion that ﬁrms in high technology sectors are more likely than low
technologyﬁrmstoneedto accessnon-codiﬁedknowledge(inherviewthe ‘tacit’component)
held by public science.
The CMS surveyin the United States also investigatedthe importanceof differentmethods
of obtainingthe resultsof public research,althoughit differsfromPACE in askingaboutthree
additionalmethods(viapatents,licensingandconsulting),usingafour-pointscale,andlimiting
theresponsestoa‘recentmajor’innovationproject.Cohenetal.(2002)gaveunweightedCMS
results for the percentage of American R&D laboratory managers that scored each method
‘moderatelyimportant’or‘veryimportant’.We applieda similar methodtothePACE data and
then compared the rank order for the importance of each of the seven comparable methods.
In both surveys, publications and technical reports are in ﬁrst place (most frequently cited
as important), informal contacts are ranked second, public conferences and meetings third
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second and third place results for longstanding methods of information exchange point to the
importance of ‘open science’, in contrast to the current policy emphasis on more formalised
methods such as contract research. The PACE results concur.
4 ECONOMETRIC MODELS OF PROXIMITY
Our data provide information on both the relative importance of domestic versus foreign
public science to the innovative activities of the ﬁrm, as captured by PROXPR, and on where
ﬁrms source knowledge from public science, with one domestic location and three foreign
locations (other Europe, North America and Japan). We expect the relative importance of
domestic versus foreign sources and the speciﬁc location from which ﬁrms source knowledge
from public science to be inﬂuenced by ﬁrm-speciﬁc and country-speciﬁc factors. As noted
in the Introduction, we develop two sets of econometric models to evaluate the effect of these
factorson knowledgesourcing.Both sets of modelsdrawfromthe same groupof independent
variables, discussed below. We then describe each of the models and their estimations.
4.1 Firm-Speciﬁc Independent Variables
We expect larger ﬁrms to ﬁnd it easier than smaller ﬁrms to access information from abroad
due to their greater ﬁnancial resources. For research activities, the best measure of the ability
of a ﬁrm to access information,no matter where it is located, is probablythe ﬁrm’s total R&D
budget.6We thereforeusethe naturallogofthe ﬁrm’sR&D expenditures(LNR&D)tocapture
size effects, in preference to alternative measures such as total sales.
In addition to the absolute size of the ﬁrm’s R&D budget, the ﬁrm’s R&D intensity could
also inﬂuence knowledge sourcing strategies. R&D intensive ﬁrms could be more likely to go
abroad for information because they are active at the technological frontier and must seek out
expertise wherever it is available. Examples include ﬁrms active in pharmaceuticals, optics
and informationtechnology.To test for this effect, many of the regressionsincludeda variable
for the R&D intensity of the ﬁrm, based on the ratio between R&D expenditures and sales.
However, R&D intensity was not signiﬁcant in any of the regressions and is therefore not
included in the ﬁnal regression models.
Familiarity with foreign countries could increase awareness of the output of foreign public
scienceanddecreasethecostsofaccessingtheseoutputs.Twogroupsofvariablesevaluatethis
effect. First, the dummy variable HOMEOFF is equal to 1 if the ﬁrm’s head ofﬁce is located
in the domestic country and 0 otherwise. Second, ﬁrms that sell products in foreign markets
are probably more familiar with local conditions. We calculated three dummy variables for
sales in the NorthAmerican (AMERICA), other European(EUROPE) and Japanese (JAPAN)
markets, with the variable equal to 1 when the ﬁrm has positive sales in the market and 0
otherwise. The variables HOMEOFF, EUROPE and JAPAN were never signiﬁcant in any of
the regressions and are therefore not included in the results given here. In contrast, activity in
theAmerican market has a signiﬁcant effect in some of the regressions.
The dependent variable in all models measures the relative importance of public research
in the domestic country compared to other countries. However, the value of proximity could
also vary according to the absolute importance of public science to the ﬁrm, with ﬁrms that
6 Previous analyses of the PACE data found that many of the innovation strategies of ﬁrms depend more on the
absolute size of their research budget than on other factors such as a sales-based measures of size. A large research
unit uses innovation strategies that are similar to other large research units, even if research is only a small fraction of
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ﬁnd public science of great importance to their innovation activities more likely to seek out
relevant public science results wherever they can be found. Unfortunately, PACE does not
obtain absolute measures of the importance of public science, since all variables are based on
subjective responses along an ordered scale.
We used the question set on the importance of each of six external knowledge sources,
including public science, to calculate four indicators for the value of public science that are
independent from the data used to calculate the dependent variables. Of note is that each
question provides ﬁve response options, ranging from 1 or not important to 5 or extremely
important.Thefourindicatorsare(1)usingtheresultsforpublicscienceasanintervalmeasure,
(2) using the results as a categoricalvariable, (3) applyinga similar techniqueas for PROXPR
and (4) using the difference in the score for public research and the mean score for the ﬁve
other external sources. All options are statistically signiﬁcant and positive when entered into
many of the regressions, showing that the importance of public science has a robust effect on
knowledge sourcing. For simplicity, we use option 4, termed IMPSCI (importance of public
science).IMPSCI is approximatelynormallydistributed,with a meanof −0.05and a standard
deviation of 1 .2.7
We expect that the importance of proximity for accessing public science will be inﬂuenced
bythe methodsthat ﬁrmsuse to accesspublicscience andthe typeof informationthat theyare
seeking. Five of the seven methods can act as a conduit for both codiﬁed and tacit knowledge
(hiring, conferences, temporary exchanges, contract research and joint research ventures). In
contrast, publications primarily act as a conduit for codiﬁed knowledge (publications can be
used to identify individuals within universities for follow-up contacts), while we assume that
ﬁrms that attach a high importance to informal contacts will be seeking tacit knowledge.
The next issue is the relationship between the location of knowledge and the method used to
accessit.AsnotedintheIntroduction,weexpectﬁrmsthatareinterestedincodiﬁedknowledge
to be more likely to go abroad, simply because most of the codiﬁed outputs of public science
will be located in other countries. Conversely, the literature on tacit knowledge implies that
ﬁrms would primarily use informal contacts to access local tacit knowledge because they are
based on personal contacts where cultural, social and linguistic factors probably matter.
We construct a relative variable (TACIT) that is the difference between the importance of
informal contacts and publications for sourcing public science outputs. The variable INFOR-
MAL equals the original response to the question on the importance of informal methods for
obtaining the results of public research and varies between 1 (low importance) and 5 (high
importance).We also entered INFORMAL into the regressions as a categorical variable or as
a binary variable, but with no substantial differencein the results. For simplicity, we only give
results for the interval version of INFORMAL.
Proximity should be less important for ﬁrms that are seeking basic research results (tradi-
tionally codiﬁed and available in publications) than for ﬁrms seeking applied research results
that may require tacit knowledge to be fully understood. Firms that are both seeking basic
research results and also rely on publications as a knowledge source should be the least inﬂu-
enced by proximity.We thereforeconstructa variable, CODIFY, that equals the importanceto
the ﬁrm of publicationsas a methodforaccessingpublicresearch resultstimes the importance
to the ﬁrm ofbasic research.Since bothvariablesare measuredona ﬁve-pointscale, CODIFY
can vary from 1 to 25. Firms with a high value of CODIFY are likely to give a high level of
importance to published basic research.
7We recognise that IMPSCI assumes that the difference between the score for public science and other external
knowledge sources is an interval level measure. However, using the same method as for PROXPR produces similar
results. Furthermore, we used IMPSCI to create a categorical variable (greater than average, approximately average
and less than average) that was also statistically signiﬁcant, but we chose not to use this variable because it depends
on a subjective division of the three categories.572 A.ARUNDEL ANDA. GEUNA
The descriptive results show that the ﬁrm’s sector of activity inﬂuences both proximity
effects (Tab. III) and the methods used to source knowledge from public science (Tab. IV).
Therefore, the regressions include dummy variables for the ﬁrm’s sector of activity at either
a two-digit or four-digit ISIC level (DISIC), with pharmaceuticals as the reference category.
Sectors with very few representativeﬁrms (less than 10) are excluded,leaving up to 435 ﬁrms
in 16 sectors.8
4.2 Country Level Variables
We expect the quantity and quality of a country’s research output to positively affect the
importance of domestic versus foreign public science. Two variables capture these effects.
PUBSHARE is based on the Institute for Scientiﬁc Information’s (ISI) National Science
Indicators (NSI) database of the number of science publications by ﬁeld and country. The
main problemis to limit PUBSHARE to papers of relevanceto the ﬁrm’s innovativeactivities.
This problem was solved by creating a concordance table between the NSI’s classiﬁcation of
papers into 102 scientiﬁc ﬁelds, corresponding to the ISI’s Current Contents categories, and
the 16 industrial sectors. Of the 102 scientiﬁc ﬁelds, 67 were considered relevant to these
sectors. Several scientiﬁc ﬁelds were relevant to more than one of the 16 industrial sectors.9
PUBSHAREequalsthetotalnumberofrelevantISI-SCIpapersbetween1986–1990bycountry
and of relevance to the ﬁrm’s industrial sector, divided by the total number of relevant papers
in the world.
PUBSHARE measures the overall quantity of scientiﬁc research in each country that is of
relevancetotheﬁrm’ssector.Itisalsoaproxyforthesupplyofdomesticscientistsandengineers
that can provideaccessto non-publishedknowledge.Traditionalbibliometricindicatorsbased
on citations are less relevant for an analysis of knowledge ﬂows from public science to ﬁrms
because they measure the academic impact of publications.
A country level variable, HERDGDP, is a proxy for both the availability and quality of a
country’spublicresearchbase.HERDGDPequalstheratiobetweenthetotalamountofhigher
education R&D expenditure (5 year average for the period 1986–1990)and the country GDP.
Countries with a high value for HERDGDP invest a relatively larger share of resources in
public research. Therefore, the importance of proximity should be positively correlated with
HERDGDP.
4.3 Regression Models for ProximityAnalysis
Wemodelthedeterminantsoftheeffectofproximityontheuseofpublicresearchwithbothan
ordered and a binary logit model. Both models estimate the impact of a range of exogeneous
variables on a dependentvariable, which takes a ﬁnite set of values (Liao, 1994).The method
of estimation is maximum likelihood. The models assume that the dependent variable y is
generated by a continuous latent variable y∗ whose values are unobserved, in our case the
relative value of proximity.
8 The16sectors (ISIC code inparentheses) are telecom equipment (32), aerospace (35.3), pharmaceuticals (2423),
ofﬁcemachinery andequipment (30),instruments (33),electrical equipment (31),automobiles (34),chemicals exclud-
ing pharmaceuticals (24), plastics and rubber products (25), machinery (29), non-ferrous mineral products (26),
food (15), petroleum products (23), ferrous metals (27), fabricated metals (28), and utilities (40).
9 The concordance table is based on expert evaluations and is available from Dr. A. Geuna of SPRU. Similar
regression estimations were obtained when we used a second concordance table, based on the BESST database for the
publication output of ﬁrms in each scientiﬁc ﬁeld. See Laursen and Salter (2004) for the description and availability
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The ordered model assumes that there is a set of ordered values (µ1,µ 2,...,µ n−1)a n da
variable y∗ such that:
y = 1i f y∗ <µ 1
y = k if µk−1 < y
∗ <µ k for 1 < k < n
y = n if µn−1 < y∗
(1)




i = βXi + εi i = 1,...,N (2)





Given the characteristics Xi of individual i, the probability that yi is found in category k is:
Prob(Yi = 1/Xi) = F(µ1 − βXi)
Prob(Yi = k/Xi) = F(µk − βXi) − F(µk−1 − βXi)
Prob(Yi = n/Xi) = 1 − F(µn−1 − βXi)
(4)
with n numberofcategories.Inourcase, thedependentvariablePROXPR hasthreecategories
0, 1 and 2 with increasing importance of proximity.
Only9.7%oftheunweightedﬁrmsreportthatdomesticpublicscienceisoflessimportance
than public science in any other country, which means that the ordered logit model results are
largely determined by the factors inﬂuencing ﬁrms to report that domestic and foreign public
science are of equal importance, versus those reporting domestic science to be of greater
importance. For this reason, we also provide the results for the simpler binary logit model
in which categories 0 and 1 of PROXPR are combined into the 0 category.10 The dependent
variable equals 1 when the importance of public science in the domestic country is greater
than its importance in all other countries.As shown in TableV, the coefﬁcients in the ordered
and binary logit models are very similar, although the ordered logit provides a slightly better
model ﬁt.
The full ordered logit equation is estimated as follows:11
PROXPR = 1 − F(µ − β1 lnR&D − β2 AMERICA − β5 CODIFY (or INFORMAL)
− β6 PUBSHARE − β7 HERDGDP − β8 IMPSCI −

j
βj DISIC j)( 5)
For DISIC, there are 15 sector dummies with j = 1,...,15.
The binary logit version uses an identical set of explanatory variables. However, we give
the odds ratio (the exponentof the coefﬁcient)rather than the coefﬁcient.The oddsratio gives
the percentage change in the probability of the outcome (the dependent variable = 1) given
a one unit change in the independent variable. An odds ratio of less than 1 occurs when the
coefﬁcientisnegative,whileanoddsratiogreaterthan1occurswhenthecoefﬁcientispositive.
10 Combiningthesetwocategoriesisreasonable,giventhattheorderedlogitregressionsgiveninTableVaccurately
predict the category of only 5–7% of the ﬁrms that report foreign public science as more important than domestic
science (PROXPR = 0), with 76% of these ﬁrms allotted to the mid category of ‘domestic equals foreign public
science’ (PROXPR = 1).
11We also estimated different versions of the model that included country dummies (only included in the model
when country speciﬁc information such as HERDGDP are excluded).574 A.ARUNDEL ANDA. GEUNA
TABLEV Model Results for Proximity (Importance of Public Science in Any Other Country Relative to Domestic
Public Science).
Ordered logit models Binary logit models
1, β (SE) 2, β (SE) 3, eβ 4, eβ
LN R&D −0.264 (0.127)∗∗ −0.282 (0.125)∗∗ 0.737∗∗ 0.721∗∗
PUBSHARE 0.167 (0.035)∗ 0.165 (0.036)∗ 1.167∗ 1.164∗
HERDGDP 0.052 (0.014)∗ 0.052 (0.014)∗ 1.041∗∗ 1.041∗∗
IMPSCI 0.184 (0.092)∗∗ 0.183 (0.092)∗∗ 1.212∗∗∗ 1.203∗∗∗
INFORMAL −0.201 (0.100)∗∗ 0.811∗∗
CODIFY −0.032 (0.017)∗∗∗ 0.966∗∗∗
AMERICA −0.429 (0.234)∗∗∗ −0.401 (0.234)∗∗∗ 0.641∗∗∗ 0.668∗∗∗
Sector dummies Yes Yes Yes Yes
µ1 −0.734 (0.793) −0.525 (0.775)
µ2 1.982 (0.801)∗ 2.183 (0.785)∗
Chi-square 89.8 p < 0.000 89.2 p < 0.000 76.4 p < 0.000 75.4 p < 0.000
Pseudo R2 0.22 0.22 0.22 0.21
No. ﬁrms 435 433 435 435
Percentage correctly
classiﬁed 59.5% 57.7% 67.1% 65.6%
Note: Pharmaceuticals is the reference category for sector in the two ordered logit models. There is no reference
category in the binary logit because the intercept is set equal to 0. The binary logit results give the odds ratios for the
probability that the dependent variable = 1 (domestic public science is more important than foreign public science).
An odds ratio less than 1 reduces this probability, while an odds ratio over 1 increases this probability.
∗Statistically signiﬁcant at p < 0.01.
∗∗Statistically signiﬁcant at 0.01 > p < 0.05.
∗∗∗Statistically signiﬁcant at 0.05 > p < 0.10.
Both models estimate the effect of several ﬁrm and country speciﬁc characteristics on the
importancetotheﬁrmofproximityforsourcingknowledgefrompublicscience.Neithermodel
explains the importance to the ﬁrm of the knowledge obtained from public science. For this
reason, the estimations are not affected by problems of endogeneity.
4.4 Regression Models for LocationAnalysis
We model the determinants of the importance of public science by location with an ordered
logit modelthat comparesthe importance of domestic public science relative to sources in (1)
other Europe and (2) NorthAmerica.We use the same set of explanatoryvariables introduced
in the proximity analysis. The dependent variable in the model for other Europe is equal to 0
when public science in other European countries is rated as more important than domestic
public science, 1 when both are of equal importance and 2 when domestic public science is
more important than public science in other European countries.12 The same structure is used
for NorthAmerica.
For the otherEuropemodel, 249 respondentsﬁnd domestic publicscience more important,
155 ﬁnd other Europe and domestic public science of equal importance, and 31 ﬁnd domestic
public science of less importancethan sourcesin other Europe. For the NorthAmerica model,
308 respondents ﬁnd domestic public science more important, 100 ﬁnd North American and
12Wealsousedamultinomial logit model, withsevencategories forthedependent variable, toexamine therelative
importance ofthe explanatory variables according to all possible combinations for the mostimportant source ofpublic
science. Due to the large number of dependent categories, the full results are too complex to be presented here, but
they are consistent with the simpler binary logistic models.PROXIMITYAND THE USE OF PUBLIC SCIENCE 575
domestic public science of equal importance, and 27 ﬁnd domestic public science of less
importance than sources in NorthAmerica.
4.5 Regression Results for the ProximityAnalysis
TableVgivestheresultsforthetwoorderedlogitmodelsandthebinaryversions.Thedifference
between Models 1 and 2 is based on the choice of the variable for the method of acquiring the
results of public science. Model1 uses INFORMAL, or the importanceto the ﬁrm of informal
personalcontactsforlearningaboutresearchconductedbypublicscience,while Model2uses
CODIFY.
In all three models, the importance of proximity declines with absolute R&D expenditures
(LNR&D), showing that ﬁrms with large ﬁnancial resources for R&D are less constrained by
distance than other ﬁrms.
Sales activity in the NorthAmerican market (AMERICA) reduces proximity effects in the
two ordered logit models, but the effect is of borderline signiﬁcance. One possibility is that
the results for AMERICA are distorted by UK ﬁrms, which are culturally and linguistically
closertoNorthAmericathanﬁrmsbasedinothercountries,orbypharmaceuticalsﬁrms,which
are more likely than other ﬁrms to go to the United States for new knowledge, particularly in
biotechnology(Senkeretal.,1996;PatelandPavitt,2000).Tocheckforthesepossibilities,the
regressionswerererunafter(1)excludingthepharmaceuticalsectorand(2)excludingtheUK.
In both of these regressions the coefﬁcient for AMERICA was statistically signiﬁcant and
negative,showing that sales activity in the NorthAmerican market also reduces the proximity
effect in other sectors and other EU countries.
Firms that give a high value to public science, relative to other external knowledge
sources (IMPSCI), are more likely to ﬁnd domestic public science of greater importance than
foreign public science. In addition, both PUBSHARE and HERDGDP have a positive and
signiﬁcanteffectontheimportancegiventoproximity.TheoddsratiosinModels3and4show
that a 1% increase in the domestic country’s world publication share increases the probability
that ﬁrms will ﬁnd domestic public science more important than foreign public science by a




the public science infrastructure, the higher the probability that the ﬁrm ﬁnds domestic public
research to be more important than public research in any other location.
PUBSHARE partly reﬂects the economic and population size of each country insofar as
larger countries producemore publications.An alternative version of each model replaced the
country level variable HERDGDP with the geographical size (in hectares) of each country.
Countrysize couldinﬂuencethe importanceofproximityif ﬁrmsbasedin smallcountriesﬁnd
it less costly to go abroad because the average distance from domestic ﬁrms to foreign public
science is lower than for large countries. Or, ﬁrms based in small countries might need to go
abroadbecausesmall countrieslackthefundstosupportpublicresearchinallﬁelds.However,
country size had no effect in any of the models. There are two possible explanations for this:
either the measure is too crude to adequately capture the effect of geographical distance, or
cultural or social effects are more important than geographicaldistance.
Variablesforthemethodusedtoobtainresearchresults(INFORMAL,CODIFYandsimilar
variables for publications, etc.) cannot be introduced in the same model due to collinearity.
A variable for the importance of publications always decreases the proximity effect. As
expected,thisshowsthatpublicationsareusedtoaccessdistantcodiﬁedknowledge.Thisvari-
able is notof greatinterest here and thereforewe do notpresentthe relevantresults inTableV.576 A.ARUNDEL ANDA. GEUNA
Nor do we give results for TACIT (the score for informal personal contacts minus the score
for publications)because it hasno effect in any of the models.The lack of an effect forTACIT
is probablydue to the fact that both the importanceof publicationsand INFORMAL decrease





and the value of basic research to the ﬁrm. Many basic results are expected to be available
in publications, so CODIFY is a measure of both the value of basic research to the ﬁrm and
the usefulness of publications as a method of acquiring this information. In both Models 2
and 4, CODIFY is negative and statistically signiﬁcant. The negative coefﬁcient for CODIFY
suggests that proximity is not an advantage for accessing published basic research results.
Globally, such results are probably not available domestically, which would explain why the
coefﬁcient is negative – ﬁrms that are interested in this type of output must go abroad.
4.6 Regression Results for LocationAnalysis
TableVI gives the results for two orderedlogitmodels for the location analysis.As in TableV,
a statistically signiﬁcant negative coefﬁcient shows that the variable decreases the probability
that domestic public science is more important than foreign public science.
TableVI only presents results using the variable INFORMAL for the methodsof acquiring
public science results. Replacing INFORMAL with CODIFY produces similar results, except
that CODIFY is negative and statistically signiﬁcant for both locations, showing that the
ﬁrms that value basic published research results were more likely to seek this information
in either other Europe or in North America. The results for other Europe using INFORMAL
are similar to the ﬁrst model in Table V. In contrast, the domestic share of publications in
the ﬁrm’s ﬁeld, the importance of public science to the ﬁrm and INFORMAL have no effect
on the relative importance of public science obtained from North America compared to the
domestic country. The difference in the results for INFORMAL between other Europe and
North America suggests that informal contacts are more useful for acquiring public science
from other European countries than from North America. This could possibly occur because
theAtlantic simply presents too much of a barrier to informal contacts, whereas the distances
within Europeare notenoughto reducethe valueof informalcontactsforacquiringthe results
of public science.
One possibility is that European ﬁrms use more ‘formal’methods of acquiring knowledge
from American public science. This is supported by some of the results using the identical
models as in Table VI, but where the variable INFORMAL is replaced by the importance
of other methods of learning about public science: hiring, temporary personnel exchanges,
13We also ran separate models including an indicator for each of the seven methods of acquiring the outputs
of public science. The importance of temporary personnel exchanges also decreased the proximity effect, while the
importance of conferences, hiring, contract research and joint research had no effect.
14 Other survey data support this ﬁnding. An additional question with a ‘yes’ or ‘no’ response category asked
respondents if their ﬁrm had obtained the results of public science from each region and by each method. The total
number of ‘hits’for each country (with a positive response for each method counting as a hit) is 3002 for the domestic
country, 2065 for other Europe, 1554 for NorthAmerica and 802 for Japan. This is not surprising and shows that ﬁrms
source a lot more knowledge from proximate versus distant locations. However, we also calculated the percentage of
hits that were due to each method of sourcing knowledge. Publications accounted for an increasing share of hits with
distance: 17.5% for the domestic country, 23.2% for other Europe, 28.7% for North America and 39.4% for Japan.
The share for informal contacts also increased with distance: 17.4% of all hits for the domestic country, 20.0% for
other Europe, 21.8% for North America and 22.4% for Japan. Although the effect is not as pronounced as that for
publications, we expected a decline with distance in the share of hits attributed to informal contacts.PROXIMITYAND THE USE OF PUBLIC SCIENCE 577
TABLEVI Ordered Logit Model Results for Location (Importance of Public Science in
Other Europe and North America Relative to Public Science in the Domestic Country).
Other Europe B (SE) North America B (SE)
LN R&D −0.382 (0.134)∗ −0.373 (0.151)∗∗
PUBSHARE 0.237 (0.037)∗ 0.580 (0.040)
HERDGDP 0.044 (0.014)∗ 0.076 (0.017)∗
IMPSCI 0.218 (0.097)∗∗ 0.080 (0.104)
INFORMAL −0.254 (0.106)∗∗ −0.09 (0.115)
AMERICA −0.594 (0.281)∗∗
Sector dummies Yes Yes
µ1 −1.41 (0.830)∗∗∗ −1.17 (0.889)
µ2 1.31 (0.830) 0.913 (0.885)
Model chi-square 102.5 p < 0.000 76.8 p < 0.000
Pseudo R2 0.25 0.21
No. ﬁrms 435 435
Percentage correctly classiﬁed 59.5% 51.7%
Note: Pharmaceuticals is the reference category for sector.
∗Statistically signiﬁcant at p < 0.01.
∗∗Statistically signiﬁcant at 0.01 > p < 0.05.
∗∗∗Statistically signiﬁcant at 0.05 > p < 0.10.
contracting out research to a public science institution and joint R&D projects. Firms that
gave a high importance to temporary personnel exchanges and joint R&D were signiﬁcantly
more likely to rank North American public science as more important than domestic public
science(p = 0.038 and 0.080,respectively),whileneithermethodhadanyeffectinthemodel
forotherEurope.Hiringhadnoeffectineithermodel,whilethecoefﬁcientforcontractresearch
was negative and signiﬁcant (p = 0.078) in the model for other Europe.As in the case of the
proximity analysis, we veriﬁed the robustness of the results by the exclusion of the UK and
the pharmaceuticals industry.
The fact that neither PUBSHARE nor IMPSCI increases the probability of ﬁnding local
public science of greater importance than that in North America suggests that the latter may
produce unique results that are of value no matter how large the domestic contribution to
research or the general importance of public science to the ﬁrm. This could occur if public
science in North America was far more technically advanced, or if access was easier, for




ﬂows and, if yes, how these knowledge ﬂows occur and the conditions necessary for their
success. Answers to these two questions are relevant to a range of policies that have been
introduced by European governments to support close linkages between ﬁrms and public
science.These policies include subsidies to encouragethe regionaldevelopmentof clusters of
innovative ﬁrms, subsidies for ﬁrms to collaborate with public science and the establishment
of science parks close to universities.
The descriptive results presented above provide direct evidence, although based on the
subjectivejudgementofR&D managers,thatpublicscience isnotonlyan importantsourceof578 A.ARUNDEL ANDA. GEUNA
technicalknowledgefortheinnovativeactivitiesofEurope’slargestindustrialﬁrms,butamong
the most important of six external knowledge sources, after adjusting for a proxy measure of
innovative output. Only knowledge sourced from afﬁliated ﬁrms is notably more important
than public science for the ﬁrms’ innovative activities. It is interesting that public science is
most important to ﬁrms in low technology sectors, followed next by ﬁrms in high technology
sectors and lastly by ﬁrms in medium technology sectors. These results differ considerably
fromaggregateresultsusingtheCISsurveys,wherepublicscienceisoneoftheleastimportant
sources of technological knowledge. However, much of the difference between the CIS and
PACE results vanishes once the CIS results are weighted to account for a proxy of innovation
output(R&Dexpenditures)andlimitedtolargeﬁrmsthatperformmostoftheR&DinEurope.
These results on the general importance of public science are relevant to science and tech-
nology policy, particularly because proximity effects are much more pronounced in the case
of public science than the ﬁve other external knowledge sources. The sourcing of technical
knowledge from public science is the most affected by proximity. Only about 5% of R&D
weighted ﬁrms ﬁnd knowledge obtained from foreign public science to be of greater value
to their innovative activities than knowledge from domestic public science, while more than
half ﬁnd the output of domestic public science to be more valuable than that of foreign public
science.
The domestic preferenceholds for most sectors, with the exception of electrical equipment
andpharmaceuticals.Sectoraldifferencesalsooccurintheimportanceofpublicscienceresults
from other Europe, NorthAmerica and Japan. For example, about 30% of the R&D-weighted
respondents in the telecom equipment sector said that public science in North America was
more importantthan domestic sources, comparedto only 1.1% of ﬁrms active in basic metals.
The econometricmodelsidentifyﬁrm and countryspeciﬁc factorsthatinﬂuencethe proba-
bility of ﬁnding domestic public science more important than other sources. The orderedlogit
models show that proximity effects decline with an increase in the ﬁrm’s R&D expenditures
andwith experiencein the NorthAmericanmarket,but increasewith the qualityand availabil-
ity of outputs from public science in the ﬁrm’s own country. These results point to the need
for a well-funded national public research base. This could be particularly important for ﬁrms
that lack the ﬁnancial resources or capabilities to source knowledge abroad.
Firmsuse avarietyofmethodstoacquiredifferenttypesofknowledgefrompublicscience,
including some that provide access to codiﬁed knowledge, such as reading publications or
attendingconferences,andmethodsthatprovidetheopportunitytoaccessnon-codiﬁedknowl-
edge, such as informal personal contacts, joint research and hiring trained scientists and engi-
neers. Our assumptionthat ﬁrms thatseek codiﬁedknowledgeare less likely to ﬁnd proximity
of importance (since most codiﬁed knowledge will not be in the ﬁrm’s domestic country) is
supported by the econometric results, althoughthe need to go abroad to seek information also
depends on the availability of knowledge in the domestic country.
The most frequently cited explanation for proximity effects is the need to acquire tacit
knowledge,or at least knowledge that is not yet codiﬁed. Developing informalcontacts is one
method of acquiring tacit knowledge. However, our results do not ﬁnd that ﬁrms that stress
the value of informal contacts are more likely to ﬁnd domestic public science more important
than foreign public science. On the contrary, ﬁrms that stress the value of informal contacts
consider domestic sources less important, and use their contacts to access knowledge outside
the ﬁrm’s domestic country. It is of note that while these results do not support the hypothesis
that tacit knowledge is the cause of proximity effects, they do not refute it either. A full test
of the tacit knowledge theory would require direct data, not available in PACE, on the type of
knowledge obtained through the use of informal contacts in each location. It is possible that
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The regressionsfor the location of the most importantsource of public science suggest that
theusefulnessofinformalcontactsforacquiringpublicscienceresultsdoesnotextendbeyond
other European countries to North America. This provides weak evidence for a link between
proximity effects and informal contacts, although in this case other European countries are
included within the proximate sphere, suggesting that geographical proximity is not neces-
sary for the developmentof personalcontacts. One possible explanationis the developmentof
‘networkproximity’,basedonacommunicationstructurethatallowssuccessfulrepeatedinter-
actions within Europe. Network proximity would enable geographically distant, but personal
contacts to share both useful knowledge and informationabout where such knowledge can be
found.Thiscouldbeespeciallytrueforpublicscience,wheresupra-nationalEuropeanpolicies
havebeensubsidisingcross-countrycollaborationbetweenﬁrmsandpublicresearchers.Inthis
respect,perhapslargeEuropeanﬁrmshadalreadybegunto create a ‘EuropeanResearchArea’
in the early 1990s – the current goal of many European policies. These results also suggest
that public science needs to be located somewhere in Europe, even if large ﬁrms can readily
access public science outside of their home country.
Finally, neither the size of domestic public science outputs and the importance of public
sciencetotheﬁrmhaveanyeffectontherelativeimportanceofdomesticversusNorthAmerican
public science. This suggests that large R&D intensive European ﬁrms access public science
in NorthAmerica, not as a substitute for domestic sources, but because NorthAmerica offers
unique advantages. Further research is needed to shed more light on this result.
Acknowledgements
The authors wish to thank Cristiano Antonelli, Ben Martin, Martin Meyer, Pierre Mohnen,
Keith Pavitt, Jacky Senker and Ed Steinmueller for helpful comments and suggestions on
earlier drafts. The article has also beneﬁted from the comments of three anonymous referees.
Earlierversionsofthisarticlewerepresentedatthe8thSchumpeterconferenceandatthe2003
RoyalEconomicSocietyconference.FinancialsupportfromtwoprogrammesoftheEuropean
Commission is acknowledged. Analyses of the PACE data were supported by the KNOW
project of the TSER Programme, while analyses of the 1997 CIS data were conducted as part
of ElMS project 98/180 under DG Enterprise.
References
Acs,Z.J.,Audretsch,D.B.andFeldman, M.P.(1992)Real Effects ofAcademic Research.American Economic Review,
82, 363–367.
Adams, J.D. (2001) Comparative Localization of Academic and Industrial Spillovers. NBER Working Paper Series
8292. NBER: Cambridge.
Agrawal, A. and Cockburn, I. (2003) The Anchor Tenant Hypothesis: Exploring the Role of Large, Local, R&D
Intensive Firms in Regional Innovation Systems. International Journal of Industrial Organization, 21, 1227–1253.
Antonelli, C. (1999) Industrial Organisation and the Production of Knowledge. Cambridge Journal of Economics, 23,
243–260.
Arundel, A. and Kabla, I. (1998) What Percentage of Innovations are Patented? Empirical Estimates for European
Firms. Research Policy, 27, 127–141.
Arundel, A. and Steinmueller, W.E. (1998) The Use of Patent Databases by European Small and Medium-sized
Enterprises. Technology Analysis and Strategic Management, 10, 157–173.
Arundel, A., van de Paal, G. and Soete, L. (1995) Innovation Strategies of Europe’s Largest Firms. Results of the
PACE Survey. European Innovation Monitoring System, Report No. 23. Bruxelles: European Commission.
Arundel,A., Cobbenhagen, J.N.andSchall, N.(2000)TheAcquisition andProtection ofCompetencies byEnterprises.
Final Report for ElMS Project 98/180. Luxembourg: EC DG Research.
Audretsch, D.B.and Feldman, M. (1996) R&D Spillovers and the Geography ofInnovation and Production. American
Economic Review, 86, 630–642.
Beise, M. and Stahl, H. (1999) Public Research and Industrial Innovations in Germany. Research Policy, 28, 397–422.580 A.ARUNDEL ANDA. GEUNA
Breschi, S. and Lissoni, F. (2001) Knowledge Spillovers and Local Innovation Systems:A Critical Survey. Industrial
and Corporate Change, 10(4), 975–1005.
Cohen, W.M., Nelson, R.R. andWalsh, J.P. (2002) Links and Impacts: The Inﬂuence of Public Research on Industrial
R&D. Management Science, 48, 1–23.
European Commission (EC) (2001) Benchmarking Industry-Science Relations –The Role of Framework Conditions.
Final Report, commissioned by DG Enterprise and the Federal Ministry of Economy and Labour, Austria.
Faulkner,W.J.,Senker, J.andVelho, L.(1995)Knowledge Frontiers. PublicSector ResearchandIndustrialInnovation
in Biotechnology, Engineering Ceramics and Parallel Computing. Oxford: Clarendon Press.
Freeman, C. (1987) Technology Policy and Economic Performance: Lessons from Japan. London: Pinter.
Henderson, R., Jaffe, A.B. and Tratjenberg, M. (1994) Numbers Up, Quality Down? Trends in University Patenting
1965–1992.PresentationtoCEPR/AAASConferenceUniversityGoals,InstitutionalMechanismsandtheIndustrial
Transferability of Research, Stanford University, March 18–20.
Hippel, E. von. (1987) Cooperation Between Rivals: Informal Know-How Trading. Research Policy, 16, 291–302.
Jaffe, A. (1989) Real Effects ofAcademic Research. American Economic Review, 79, 957–970.
Jaffe, A., Trajtenberg, M. and Henderson, R. (1993) Geographic Localization of Knowledge Spillovers as Evidenced
by Patents Citations. Quarterly Journal of Economics, 63, 577–598.
Klevorick, A.K., Levin, R.C., Nelson, R.R. and Winter, S.G. (1995) On the Sources of Signiﬁcance of Interindustry
Differences in Technological Opportunites. Research Policy, 24, 185–205.
Kline, S. and Rosenberg, N. (1986) An Overview of Innovation. In Landau, R. (ed.) The Positive Sum Strategy.
Washington, DC: National Academic Press.
Laursen, K. and Salter, A.J. (2004) The Fruits of Intellectual Production: Economic and Scientiﬁc Specialisation
Among OECD Countries. Cambridge Journal of Economics, forthcoming.
Leamer, E.E. and Storper, M. (2001) The Economic Geography of the Internet Age. NBER Working Paper 8450.
Cambridge, MA: NBER.
Liao, T.F. (1994) Interpreting Probability Models. Quantitative Applications in the Social Sciences. Thousand Oaks,
CA: Sage Publications.
Lundvall, B.-Å (ed.) (1992) National Systems of Innovation. London: Pinter.
Malo, S. and Geuna, A. (2000) Science-Technology Linkages in an Emerging Research Platform: The Case of Com-
binatorial Chemistry and Biology. Scientometrics, 47, 303–321.
Mansﬁeld, E. (1991) Academic Research and Industrial Innovation. Research Policy, 20, 1–12.
Mansﬁeld,E.(1998)AcademicResearchandIndustrialInnovation:AnUpdateofEmpiricalFindings.ResearchPolicy,
26, 773–776.
Mansﬁeld, E. and Lee, J.-Y. (1996) The Modern University: Contributor to Industrial Innovation and Recipient of
Industrial R&D Support. Research Policy, 25, 1047–1058.
Maskell, P. and Malmberg, A. (1999) Localised Learning and Industrial Competitiveness. Cambridge Journal of
Economics, 23, 167–175.
Mohnen, P. and Hoareau, C. (2002) What Type of Enterprise Forges Close Links with Universities and Government
Labs? Evidence from CIS 2. MERIT-Infonomics Research Memorandum Series 2002–008. Maastricht: MERIT.
Monjon, S. and Waelbroeck, P. (2003) Assessing Spillovers from Universities to Firms: Evidence from French Firm-
Level Data. International Journal of Industrial Organization, 21, 1255–1270.
Narin, F., Hamilton, K.S. and Olivastro, D. (1997) The Increasing Linkage between U.S. Technology and Public
Science. Research Policy, 26, 317–320.
Nelson, R. (ed.) (1993) National Innovation Systems: A Comparative Study. NewYork: Oxford University Press.
Patel, P. and Pavitt, K. (2000) National Systems of Innovation Under Strain: The Internationalisation of Corporate
R&D. In Barrell, R., Mason, G. and O’Mahoney, M. (eds) Productivity, Innovation and Economic Performance.
Cambridge: Cambridge University Press, pp. 217–235.
Quintas, P. (1992)Academic-Industry Links and Innovation: Questioning the Science Park Model. Technovation, 12,
161–175.
Roberts, J. (2000) From Know-How to Show-How? Questioning the Role of Information and Communication
Technologies in Knowledge Transfer. Technology Analysis and Strategic Management, 12, 429–443.
Senker, J. (1995) Tacit Knowledge and Models of Innovation. Industrial and Corporate Change, 2, 425–447.
Senker, J., Joly, P.B. and Reinhard, M. (1996) Overseas Biotechnology Research by Europe’s Chemical/
Pharmaceuticals Multinationals: Rationale and Implications. STEEP Working Paper No. 33. Brighton: SPRU.
Siegel, D.S., Westhead, P. and Wright, M. (2003) Assessing the Impact of University Science Parks on Research
Productivity: Exploratory Firm-Level Evidence from the United Kingdom. International Journal of Industrial
Organization, 21, 1357–1369.
Verspagen, B. (1999) Large Firms and Knowledge Flows in the Dutch R&D System: A Case Study of Philips Elec-
tronics. Technology Analysis & Strategic Management, 11, 211–233.